Abstract-In this paper, an approach to the organization of spatial-temporal processing of geoelectrical data in the system of automated geodynamic control is considered. It allows combining methodical, algorithmic, program and information support of the processes of collecting and processing of geodynamic information at subjects to control. Use of the relations obtained simplifies the geodynamic estimation of the variations of individual isolated research objects on the basis of an analysis of model coefficients in the transfer function of the geoelectrical section.
INTRODUCTION
Currently there are significantly increased loads on the environment in the natural -technical systems (NTS). This leads to the need for the development and implementation of automated systems of geodynamic systems controls, which are designed to solve the problems of protection and the prevention of accidents on the technical and life-supporting objects of NTS [1] . Construction of geodynamic automated control systems is based on the concept of the possibility to assess and forecast NTS based on local observations of individual dedicated geodynamic activity areas [2] [3] [4] . Some media volumes have their own natural rhythm and their and by geodynamics are determined by its natural regimes, complicated technogenesis [5] . They have certain properties and characteristics allowing to allocate them as the separate geodynamic objects belonging to a certain class of models. The geological environment is represented as a set of large and small volumes of the environment (objects), and it is possible to allocate separate geodynamic objects defining this or that process in NTS. It gives the chance to focus our attention on the allocated local geodynamic indignations at the generalized assessment of geodynamics of the geological environment.
It is known much less about both manner and intensity of changes in local climate systems in time [6] and space scales [7] in comparison with the intensity of local geodynamic changes. Therefore, control of the allocated geodynamic objects provides information about the possible catastrophic changes earlier than when tracking geodynamics environment as a whole. Accordingly, control of the allocated geodynamic objects provides information about the possible catastrophic changes earlier than when tracking geodynamics environment as a whole. They provide efficient organization of observations of geological objects, assessment of the status and development forecast. The main model used in the analysis of data obtained by geoelectrical methods is the geoelectrical section. Geoelectrical section is a set of electrical and geometric characteristics of the rocks under study.
The main problem of their application for the geodynamic control in NTS is that the currently existing automated geoelectric monitoring systems designed for scientific research are based on a comparative analysis of time series with the filtration of natural and man-made rhythms and on the allocation of the useful geodynamic component [8] .
In most cases, this approach is useful for research purposes and is extremely effective when implementing control functions designed for rapid response to critical geodynamic changes in NTS.
The purpose of this work is to consider the analysis of methods of existential handling of geoelectric data in the systems of the automated geodynamic control of the processes of collection and handling of geodynamic information providing methodical, algorithmic, program and technical and information maintenance 1 .
II. STRUCTURE OF THE DISTRIBUTED INFORMATION DATA PROCESSING OF THE AUTOMATED GEODYNAMIC MONITORING
The structure of the distributed information data processing at the automated geodynamic is presented in the Fig. 1 .
In this structure, it is possible to allocate subject to control, the studied geological environment. The structure includes a necessary quantity of measuring systems which cover the controlled territory.
Collection of data on the current parameters of the geological environment is carried out by means of basic geoelectric measuring systems in stationary and temporary points. Electrolocational installations are applied as geoelectric measuring systems [9] . The network structure of a distributed information processing geodynamic monitoring data Basic geoelectric measuring systems interact with the local data processing system of geodynamic monitoring through a communication channel. The communication channel is under stood as the physical transmission medium, comprising connection lines or a space in which electrical signals propagate, and data transmission equipment. Systematics of primary data and accounting data collection settings (the metrological characteristics of measuring systems, in which the parameters were measured, the spatial coordinates of the object, the characteristics of the surrounding area) takes place all these parameters are passed by the measuring system to the central server of the local data processing system [10] .
Local system of geodynamic monitoring data processing interacts via a communication medium with regional GIS using an Ethernet data transmission technology. Data of obtained and processed measurements from checkpoints measuring systems, thematic maps with highlighted areas of particular risk of negative geodynamics, and reports a retrospective analysis of hydrogeological condition of using the accumulated data bank, etc. is transmitted and processed to the regional GIS.
III. SPACE-TIME DATA PROCESSING
Geodynamic variations of the environment in the area of NTS actions have considerable complexity and diversity, which leads to the need to increase the number of monitored parameters of spatially distributed geodynamic objects. This fact significantly increases the flow of information in the geoelectric data acquisition system. The main purpose of the space-time processing of geoelectric data consists in the fact that, in the solution of geodynamic control tasks it is necessary to substantially reduce the processing time for forming the operational reaction to critical changes of the research object [11] . Improvement of quality indicators, the reduction development time of forward-looking solutions that increase the efficiency of the geodynamic control in NTS -is the main goal of the development and application of automated systems of space-time processing of geoelectric data. Fig. 2 shows a generalized structure of a system of space-time processing of geoelectric data showing the basic processes of information processing of geoelectric data at geodynamic control in NTS. 
On the basis of GIS data, points of geodynamic control are determined (geodynamic control objects) O i and produced decomposition model parameters M S on the model parameters of objects M Si are produced:
where N -total of subjects to control. Control signals to the initial installation and positioning of the measuring systems geoelectric are generated:
where F U -forming functional initial positioning control vector * U system of space-time processing of geodynamic monitoring data at the time of launch t=t 0 . Later geoelectric measuring systems operate directly in the semi-automatic mode according to the following algorithm: 
where D i -the observed data vector; The approximation is carried out equivalent to a rational function of the complex variable p=jω, physically realized by discrete circuits [13] . For the decision of tasks of geodynamic monitoring, equivalence of functions of a geoelectric section shall provide coincidence of characteristics not on all infinite range of frequencies and times but only on a limited segment. Therefore, the procedure of decomposition of model parameters according to ratios (1,2) can be presented in the form of operator expression for transfer function of a geoelectric section in a control point. It can be presented for the fixed provision of a source of the probing signal of X (p) and a point of registration of a signal of geodynamics of an object of Y(p) concerning a surface:
where n  m; V(p,x,y,z) -Gurvits's polynom.
When changing the position of the electromagnetic field source the studied geoelectric section will change the real coefficients of the transfer function (7), without changing the order used in the approximation function. Geodynamic variation research facilities will also be expressed in variations of valid coefficients. Therefore, to solve the problem of approximation it is always possible to set such an order function m, which will provide the required accuracy geodynamic approach to any group of geoelectric section models M Si .
The transfer function (7) defines a set of discrete electrical circuits that determine the geodynamic model of the geoelectric section. Geodynamics individual selected objects is described in the presentation of the transfer function in the form [14] :
Where the coefficients A i , B i and φ i are functional dependencies of spatial and electromagnetic parameters of environments composing section at the point of control.
In particular, in the construction of the control system of geodynamic locally multifrequency method using vertical electric sensing transfer function approximation of geoelectric section can be expressed in the form [15, 16] :
where ρ 1 and ρ 2 -specific complex of the upper layer of geoelectric section resistance; h-depth of occurrence; r-distance between radiating and reception electrodes.
V. CONTROL THE INITIAL SETTING AND POSITIONING
OF GEOELECTRICAL MEASURING SYSTEMS Algorithms control of the initial setting and positioning of geoelectric measuring systems and data processing are based on the following assumptions in accordance with relations (3, 4) :  geodynamics of the object can be determined with sufficient accuracy of the results of the registration fields on the N points with coordinates (x i ,y i );  quantity of poles (sounding points) M. In accordance with the principle of superposition in each i -th measuring point source j creates a vector signal of the electric field of the following form:
where ψ Transfer coefficient (contrast) in an imaginary sources G j (jω) characterizes the difference in the electrical parameters of the inhomogeneity and the environment.
To ensure a high sensitivity to small changes in geodynamic object, the installed system must be balanced by a recorded electric field vector. This will eliminate the constant component of the detected signals.
Highlighting real a ij and imaginary b ij of the spatial functions in the equation (10) Spatial features in equations (10), (11) can be defined at initialization by series connection of the probing signals system on selected poles.
When the time comes, geoelectric measuring system comes to imbalance due to natural changes in the object under study and there is a need for re-balancing. The moment of balancing is determined by some criterion which can be set from conditions of carrying out geodynamic control and according to an algorithm of work of system. The measurement procedure of spatial functions at system initialization gives a balanced trend of geodynamics object signal according to the ratio (4).
VI. RESULTS OF OBSERVATIONS AND SPATIO-TEMPORAL DATA PROCESSING
Increase in the concentration of groundwater mineralization indicates negative geodynamic processes occurring in the geological environment (for example, karst formation). In this work, to measure the mineralization of the aquifer, measuring systems of geoecological monitoring were used. The measuring system of geoecological monitoring includes an electrolocating installation and special software developed by our team. The electrolocating system consists of a generator, eight non-contact transformer sensors (NCS 1-NCS 8), temperature sensors (T1-T4) and a level gauge.
In the period from January to November 2016, we conducted observations on the lake "Svyato" (Russia, Nizhny Novgorod region). Collection and processing of data on current geodynamic processes were carried out at stationary points P1-P4 (Fig. 3 ). Measuring systems operated around the clock in automated mode throughout the observational period (Fig. 5a.) .
In the measuring system of geoecological monitoring and control of geodynamic objects, separate spectral components of signals with certain properties are singled out. The main method of signal preprocessing is spectraltemporal analysis, which allows to identify the main frequency components of the signal in a distributed monitoring system (Fig. 5b.) . This method consists in synchronous transmission of the input signal through a system of narrow-band filters and analysis of the amplitude values of the envelopes and their phases at the output of the filters. Spatio-temporal analysis of geoelectric data of geodynamic monitoring
As a result, spatio-temporal dependencies were revealed in the controlled territory. It was recorded an increase in the mineralization of groundwater at all observation points in the spring period. First, the increase in mineralization was recorded at observation point P1, then the increase in mineralization began to appear at observation points P2, P3, P4 with a delay of 7-8 days. This fact indicates that there is an activation of karst processes that affect the geodynamics of the environment.
VII. CONCLUSIONS
An approach to the organization of space-time processing of geoelectric data in automated systems geodynamic control, considered in this paper allows one to combine methodical, algorithmic, program and technical and information support for the collection and processing of information on geodynamic locally allocated NTS control objects into a single unit.
The proposed method of positioning and work of geoelectric measurement systems allows to determine the geodynamic changes at NTS with improved accuracy by separating trend signal component and independent signal processing of small displacements fictitious sources of the electric field.
Using these relations simplifies evaluation of geodynamic variations of individual allocated objects of study based on the analysis of the coefficients of model changes in the transfer function of the geoelectric section.
